Models with extended Higgs boson sectors are of prime importance for investigating the mechanism of electroweak symmetry breaking for Higgs decays into four fermions and for Higgs-production in association with a vector bosons. In the framework of the Two-Higgs-Doublet Model using two scenarios obtained from the experimental measurements we presented next-to-leading-order results on the four-fermion decays of light CP-even Higgs boson, h → 4f . With the help of Monte Carlo program Prophecy 4f 3.0, we calculated the values Γ = ΓEW / (ΓEW + ΓSM ) and Γ = ΓEW +QCD / (ΓEW +QCD + ΓSM ) for Higgs boson decay channels H → νµµeνe, µµee, eeee. We didn't find significant difference when accounting QCD corrections to EW processes in the decay modes of Higgs boson. Using computer programs Pythia 8.2 and FeynHiggs we calculated the following values: σ(V BH)BR(H → ZZ) and σ(V BF )BR(H → W W ) for VBF production processes, σ(ggH)BR(H → W W ) and σ(ggH)BR(H → ZZ) for gluon fusion production process at 13 and 14 TeV and found good agreement with experimental data.
Introduction
The discovery in 2012 of the Higgs boson and the subsequent studies of its properties put its compatibility with the Standard Model (SM). However, as the SM Higgs boson is a scalar particle, it has sensitivity to possible new physics scales, connected with physics beyond the Standard Model (BSM). So there are the arguments for expecting new physics, called supersymmetry (SUSY).
Models with extended Higgs boson sectors are of prime importance for investigating the mechanism of electroweak symmetry breaking (EWSB) for Higgs decays into four fermions and for Higgs-production in association with a vector bosons (VBF). In the renormalizable SM theory are accurate predictions for the coupling of the Higgs boson to all known particles, which influence the rates and kinematic properties of decay of the Higgs boson. Therefore, measurement of the decay rates and angular correlations yields information to probe the SM predictions for the Higgs boson.
The observation of Higgs boson decays in fourlepton channels has provided an evidence that Higgs boson is responsible for VBF process through EWSB, p + p V BF − −−− → H → ZZ(W W ) → llll. For the presented process we must take into account the following couplings:
• define couplings for Higgs decaying to vector bosons;
• define couplings for vector bosons decaying to fermions.
Combined measurements of couplings κ W and κ Z in the decay of the Higgs boson are presented in Ta-ble 1, [1, 2] . For the presented in Table 1 cases of negative values of the couplings they can be connected with quasidegenerate cases or with some new BSM effects. Therefore, measurements of couplings of Higgs boson to vector bosons are interesting to probe a model of BSM scenarios with new heavy particles contributing to the loops. It can be assumed that the new physics affecting the loops could introduce new decay channels i.e., may be branching ratio (BR) BSM are allowed. The experimental evidence of these processes is translated into constraints on the Higgsboson width for decays into four-fermion final states, connected with measurements of BR and production cross sections.
The total width of a 125 GeV SM Higgs boson is Γ H = 4.07 × 10 −3 GeV. But direct constraints on the Higgs boson width are much larger than the expected width of the SM Higgs boson. The intrinsic mass resolution in channel is about 1-2 GeV, so only upper limits on the Higgs boson width have been set by and the results are reported in Table 2 , [3, 4] . 
As BR is the function of Higgs boson mass [5, 6] and decay width is not measured precisely, the theoretical modeling and computer simulations of these observables are of importance for further investigations of Higgs boson properties and searches for BSM physics. The article is devoted to the study of the properties of the Higgs boson through calculations of decay into four fermions and production cross sections, BR for the most probable channels of Higgs boson formation (gluon-gluon and VBF) and decay (ZZ, WW).
Consideration of Higgs boson decay within THDM model
In the framework of the Two-Higgs-Doublet Model (THDM) [7] with the help of Monte Carlo program Prophecy 4f 3.0 [8] we have calculated NLO decay width for the following processes:
where f and f denote fermion and anti-fermion with corresponding momenta k i . To determine whether Higgs-like particle is SM particles is necessary to study the high-energy scattering amplitudes. The Higgs potential for two Higgs doublets Φ 1 and Φ 2 (hypercharge Y=-1 and 1) to generate down-type quarks/charged leptons ( Φ 1 ) and up-type quarks ( Φ 2 ) is given by
where m 2 i = µ 2 + m 2 Hi (i = 1, 2), with µ being the supersymmetric Higgsino mass parameter and m i the soft supersymmetri breaking mass parameters of the two Higgs doubletes; m 2 3 ≡ B µ is assotiated to the B-term soft SUSY breaking parameter; λ i , for i = 1 to 7, are all the Higgs quartic couplings. After the spontaneous breaking of the EW symmetry, five physical Higgs particles are left in the spectrum: one charged Higgs pair, H ± , one CP-odd neutral scalar, A and two CP -even neutral states, H and h. The vacuum expectation values of the neutral components Φ 0 i (i = 1, 2) of the two Higgs doubletes are equal to,
The Higgs sector depends on the electroweak gauge coupling constants and on the vacuum expectation value υ and is determined by only two free parameters: tan β -the ratio of the vacuum expectation values υ 2 /υ 1 -and one Higgs boson mass, CP -odd Higgs boson mass, m A . The phenomenology of the Higgs sector depends on the couplings of the Higgs bosons to gauge bosons and fermions. The couplings of the two CP -even Higgs bosons to W and Z bosons are given in terms of the angles α, that diagonalises the CP -even Higgs boson squared-mass matrix, and
where
, couplings of Higgs boson to the fermions and gauge bosons. The Higgs couplings to gauge bosons are given by (1) .
Yukawa Lagrangian for THDM model is given in the mass basis by formula
where u, d, l stand generically for up-type quarks, down-type quarks, and charged leptons of all three generations, respectively, P L,R are the projection operators of th left-and right-handed fermions, and V ud denotes the appropriate element of the CKM matrix.
We have Type-1 THDM:
Therefore, couplings of Higgs boson to the fermions and gauge bosons are the following:
Results of decay width calculations
The partial width of H → 4f calculated with Prophecy 4f 3.0 program can be split into WW, ZZ and their interference
where Γ H→W * W * →4f = = 9 · Γ H→νeeµνµ + 12 · Γ H→νe edu + 4 · Γ H→udsc , Γ H→Z * Z * →4f = 3 · Γ H→νe νeνµνµ + 3 · Γ H→eeµµ + 9 · Γ H→νe νeµµ + 3 · Γ H→νe νeνeνe + 3 · Γ H→eeee + 6 · Γ H→νe νeuu + 9 · Γ H→νeνedd + 6 · Γ H→uuee + 9 · Γ H→ddee + 1 · Γ H→uucc + 3 · Γ H→ddss + 6 · Γ H→uuss + 2 · Γ H→uuuu + 3 · Γ H→dddd ,
Using two scenarios obtained from the experimental measurements [7] we presented next-to-leadingorder results on the four-fermion decays of light CP-even Higgs boson, h → 4f . With the help of Monte Carlo program Prophecy 4f 3.0, we calculated the values Γ = Γ EW /(Γ EW + Γ SM ) and Γ = Γ EW +QCD /(Γ EW +QCD + Γ SM ) for Higgs boson decay channels: H → ν µ µeν e , H → µµee, H → eeee. We didn't find significant difference when accounting QCD corrections to EW processes in the decay modes of Higgs boson. The results of our calculations are presented in Tables 3, 4, 5. [7] with the corresponding renormalization schema parameters: 7 or 5 taken for calculations within Prophecy 4f 3.0 program.
The values Gamma are calculated according to the formulas, Γ = Γ EW /(Γ EW + Γ SM ) and Γ = Γ EW +QCD /(Γ EW +QCD + Γ SM ). 
Calculations of the Higgs boson production cross sections
The observation of the Higgs boson was a major step towards the understanding of the mechanism of EWSB. LHC Higgs signal strength measurements, electroweak precision measurements are connected with measuring of the cross sections times BR, σ ·BR. In the paper [9] was presented experimental data of production cross sections of the Higgs boson in proton-proton collisions in the H → ZZ → 4l decay channel. The cross section is measured to be σ = 4.04 ± 0.47 fb, while the SM prediction is σ SM = 3.35 ± 0.15 fb. The cross-section times H → ZZ BR for gluon fusion and VBF production are measured to be 1.22 ± 0.18 pb and 0.25 ± 0.09 pb, respectively. In spite of the fact that these measurements are in agreement with the SM predictions it was important for us to calculate these observables in the framework of The results of our calculations are presented in Table 6 for 13 TeV energy of protonproton collisions and in Table 7 for 14 TeV. Table 6 . VBF and top fusion production cross sections of CP-even Higgs boson at 13 TeV.
The cross-section times H → ZZ BR for gluon fusion and VBF production processes are measured to be 1.22 ± 0.18 pb and 0.25 ± 0.09 pb [9] , and calculated data are σ(ggH)BR(H → ZZ) = 1.04235, σ(V BF ) · BR(H → ZZ) = 0.16484. Table 7 . VBF and top fusion production cross sections of CP-even Higgs boson at 14 TeV.
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The comparison with experimental data gives good agreement and the deviations are connected with uncertainty of parameter space. In the article [12] experimental data were presented on the product of the σ(ggH)× BR(H → W W ) for the gluon-gluon fusion production cross section to be 11.4 ± 1.2 ± 1.8pb and on the product of the σ(V BH)× BR(H → W W ) for VBF production cross-section to be 0.50 ± 0.24 ± 0.17pb.
Using code SusHi and the parameter space tan β = 3, m A = 200 GeV we calculated production cross sections for gluon-gluon fusion process at 13 TeV, σ(ggh) = 5.03pb. As the calculated by Feyn-Higgs value of BR is BR(H → W W ) = 0.54047, we have the following results:
We see good agreement of our calculations especially for the second case from comparison with experimental data.
Conclusions
The study of the properties of the Higgs boson is still an open problem, connected both with experimental difficulties and theoretical interpretation of its properties. Especially important is the study of the EWSB mechanism, which is associated with the formation of the Higgs boson through the VBF channel and the subsequent decay into four leptons. Since the experimental determination of the Higgs boson decay width for the presented decay channel is a difficult task and is represented only by the upper boundary of both the ATLAS and CMS collaborations, we decided to calculate the decay widths for the four leptonic Higgs boson decay channels in the framework of THDM model. The calculated results show a slight deviation from the SM calculations, but vary for different decay channels, especially for channel H → ν µ µee with B2 scenario. In addition, the results of calculations of the values Γ = Γ EW /(Γ EW + Γ SM ) and Γ = Γ EW +QCD /(Γ EW +QCD + Γ SM ) taking into account the electroweak and QCD corrections indicate the absence of the effect of QCD corrections on the decay width for the presented decay channels of the Higgs boson.
Another step towards the understanding of the mechanism of EWSB is the calculation of the Higgs boson production cross section × BR. We have considered ggH and VBF production modes of Higgs boson and the calculations were made with the help of Pythia8.2 and SusHi programs. Using FeynHiggs program with the same parameter region (tan β = 3, m A = 200 GeV) we calculated BR(H → ZZ) and BR(H → W W ) values. The obtained results are in good agreement with experimental data. We also calculated the same values for the energy of 14 TeV for subsequent searches of Higgs signal at the LHC. 9. ATLAS Collaboration. Measurements of the Higgs boson production, fiducial and differential cross sections in the 4l decay channel at √ s = 13 TeV with the ATLAS detector // ATLAS-CONF-2018-018. 
